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Ballistic Tests of .QUO - .050" Hadfleld Steel Sheet 

With Caliber M Ball Projectile» for Development 

of Specification Requirements 

ABSTRACT 

Report covers the results of ballistic tests of Hadfleld 
manganese steel sheet (as resently procured for helmets and 
flyer's protective armor) in the thickness range of .0^0 to 
.050 inches. Teat results are given on 106 sheets of satis- 
factory metallurgical Quality.  Specification requirements 
are s'v/^ested over the rarre .0^0 to .050 ine! es uoinc the 
caliber .U5 .. 230 grain (steel Jacketed) Ball .rojectlle. 

1. At the request of the Office, Chief of Urdnance, Industrial 
Division, Small Arms Branch, numerous sample* of Kadfield manganese 
steel sheet roduced by the two manufacturers of this material• 
Carnerie-Illinois Steel Cor;o-ptl<«n ard Sv^ron Steel Corporation, were 
forwarded to this arsenal for ballistic tests. Ballistic tests were 
conducted with the caliber .^5 3nll, 230 rrain 'rojectlle fr the 
purport of develo;">lnf- the ballistic test requirements for this material 
over the thickness ran e .0-0 to .050 inches. 

2. At the present tine the requirements of Specification AXS-H70, 
"Steel, Non-magnetlc Sh»et a-.d Strip (J"or Body Armor)", call for ballistic 
tests with the caliber .15 Ball, 230 grain projectile. The««» require- 
ments were based upon an rreq'.i«te amount 0* data over the thickness 
ranra (,0U2" - ,0U6") in which body rrotectlon armor is now being 
procured. However, It -as soon discovered tvat arrnr in this thickness 
ranre havin.r satisfactory aetallur^lcal characteristics was failing these 
test requirements by P c i"'lie:-able margin. The reason for thle dis- 
crepancy hat now been ascertained to be a change In the characteristics 
of the "rojectlle. T*e orlgina-'. firln^r were conducted with copper- 
alloy Jacketed projectiles. However, a lat»r shipment of .rojectlles, 

\ 
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representing the type now moat available and in quantity roduction, 
r - were of a et eel- Jacketed tyoe >rovided with a euperficlal c-vvper coating. 
I It seene desirable to revise the specification requirements in accordance 

with the results of tests utilizing the now-standard steel-Jacketed 
projectile. 

3.  The ballistic tests which Are reported herein were all conducted 
v- in a standard manner. The helmet circles (lC inch diameter) or square 
O' specimens (l2"xl2") were clammed securely to a wooden framework. Hand 

loaded rounds containing various Powder charges were loaded into a 
special weapon which allows the attainment of velocities up to 1250 feet- 
per-second. The gun conslets of the barrel for a Thompson Sub-Machine 
Oun (10" in lenpth) which in  fitted to the receivrr of z.  Caliber .30 

fr- Model 1903 Springfield ty> « action.  Instrunental velocities were recorded 
*■ by en Aberdeen ty^e chronograph and striking velocities unre calculated 

from instrumental velocities so determined. The results cf all impacts 
vhich strick too close to previous impacts (less t^an a. r>xllately 
3 inches) were discarded. Ballistic limits were obtained which are the 
average of two rounds, one of vhic 1 «Joes not oerforate the sheet and the 
sec>nd of which pasoes completely through the shwet.  In e.ll cases the 
difference In velocity betv.'eer the tw > rounds u'on vhlch t-e lixit is 
based ia less than 50 feat- er- ;ec->:id, and, in the *:reat i^Jority of 
cw*«9, 1B les3 t an 30 f eet-^er-pec >nd, 

-.  Ballistic tests were conducted on four prou s of material, as 
g| foil v: 

a. Qroup 1. Five helmet circlos in each t.".ousa.\Ath of an 
'[ inch t'-lc'oiesa lncrev.en* rv«r Vie ranre .OUT to .0% inches were received 

f r im tve Carr.ogio-Illlrois ^ f-el Cor ore'. Ion. The t .rec ..  t satisfactory 
sheets in e*ch t lckness un t^.e basis of the raagnetic reflection test 

.yja prescribed in S ecificp.tlon AXfi.1170 V'-re selected for ter.t. Hockwell C 
hardness detercliintlous aV. nieroscj.'lc exacinations w»»re conducted on 
each selected sheet. The sheets were then tested ballistlcally. The 
results »o «ar In -able I.  •> results of tests are recorded only on 
piv-ets which massed tr.8 .-nernetic deflection test (magnetic deflection 
of rvt ov*>r six Inches). 

b. Gr'U^ 2. A sl-ailer group of helnet circles *ere received 
fr^i t%o Sharon St^el Corporation.  Similar ballistic t*nls were 
cv..ducted on these sheets. Cr.ly data on sheets with, satisfactory 
-arctic deflection characteristics are included. Ko hardre-.s or .micro- 
scopic tests were conducted or. this material. These results are shown 

9 In Table II. 

c. Croup 3.  During March 19UU Carnegie-Illinois Steel 
Corporation tuonitt^d «*r. 1»»» l?"xl?" in sise from numerous production 
lots then being rjcesßed wich covered the thickne s ranr • .6^2  to .OUt 
inches. Bend tests and magnetic deflection tests • ere c ..uh-cted on this 

* material in accordance with S eciflcatlon AXS-II70. BalHr.ie tests 
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result« are reported only on nheets "hich were oaticfnctcry in those two 

teetB. Bend tests were conducted on the ahnet with "both frees in tension. 
The sheets were tent back flat upon themselves. Bend test results were 
considered satisfactory if rating number 1 or lower of the Quality Control 
Standards was maintained. Approximately 4# of tie sheets tested failed 
the bend test in one or nore directions, whereas approximately 6o£ of 
the sheets failed the nngnetio defleotion test as applied to *ne or both 
frees of the sheet. In general» when the magnetic deflection exceeded 
10 inches the hend tent was also poor. However, many 1 and 2 standard 
bends were obtained on eheet giving magnetic deflections up to 10 inches. 
The results on satisfactory sheets which were tested ballirtlcelly appear 
in Table XXX. 

d. QTOUP U. Similar sheet samples from production lots were 
furnished by Sharon Steel Corporation during March 19^. Similar tests 
were performed and the results on satisfactory sheets in rccordance 
with the magnetic deflection end bend tests and, which wrre balll6tical ly 
tested, are recorded in Table IV. Two pnd a half i>ercent (2.5^) of the 
sheets tested failed either the ma/mrtic deflectl-n or bend tests. 

5. The ballistic results contained in Tables I and III on sheet 
samples supplied by Came.eie-Hllnois Steel Corporation hrve been 
plotted as Figure 1. Also shown on the plot, are the ^r^se^t e*.. ecIf 1 cat ion 
requirements of £r>ecif lest ion AXS-II70, based upon copper-r.lloy Jacketed 
^rojectlles, and proposed nev values for the steel-Jacketed projectiles 
bpsed upon these firlnT. A stellar plot hps been drawn for the sheet 
supplied by Sharon Steel Corporation from the ballistic dr.ta contained 
in Tables II end IT. 

6. The proposed new requirements may aPPtar conservative. How- 
ever, It wil^ be recalled that these tests represent the beet duality 
Hadfleld manganese steel that is Presently being produced, furthermore, 
there art numerous Ir.-'.lcr.tione that, of the heat treated steals tested 
to date, none consistently coc,~arf»s favorably with V e average values 
of Hadfleld man^aneee steel.  It will also be noted thet tvere is a 
considerable variability in t>.e ballistic values obtain-*? or. a constant 
thickness of Hadfleld sheet which is not explainable by t1 *> metallurgical 
tests which rave bfe-1. polled tc date. This Is, perhaps, understandable 
w1 en one considers that the te-t Involves an extremely he*vy, deforming 
rrojeettle e^alnst a thin sheet. Under these conditions rllrht variations 
in the behavior of the steel, es affecting "rojectlle def .-rr.atlon, vlll 
cause e variation In t Umte efficiency. By the sa-.c T*?.f>nlnr, 
vsrletlonj in projectile chrrrct^ristlcs with respect to reslBtpj-.ce to 
deformation would also be expectvd to affect he ballistic efficiency 
obtained. TMsls strikingly indicated by the differences In t'..e propoced 
specification requlresents far the copper alloy»Jacketed and steel-Jacketed 
projectiles. It will be observed that the slope of t.*e proposed 
specification line for the eteel-Jacketed projectiles is considerably 
less than for the cop-er alloy-Jaoketed projectiles. This is a 
reflection of the difference« in defoxmatlon characteristics of the two 
types of Projectiles as affected by changes in rauge. 

-3- 
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7.  The use if a lua-i'.efor.ilne ty.^e of . rjjocviio would be more 
satisfactory for an ncce taaco teat. The fragment-3 inrulatin^ Tojectllee 
deveio.ed <-\  this arsenal a roach the desired characteristics, out it 
is doubtful that these are. at -reaent, In sufficiently edvauced stages 
to turn ovor to the proving agencies for acce -tance tea'-in^. It is. 
therefore, sweated that the proposed ballistic values be considered 
to a-ply t~ all steel procured f >r helmets, b dy araor, and "flak curtain" 
aria: r . ending tha standardization of improved >;rojeciiIes. The ballistic 
tables iver «he ran.^e .O'lö to .0^0 inches would be as follows: 

flaute(Ave.) 

.O^" 

.OUl" 

.o>;2" 

.0U3» 

.OUH" 

.0U5" 

.oUb" 

.CU7" 

.0U8" 

.0U9" 

.050" 

Required Striking Velocity, f/s. 
Cal.  .1*5, 230 grain Ball 

.(Steel Jacketed)  Projectile. 

85O 

860 

870 

880 

S90 

900 

910 

920 

93O 

9*40 

950 

OtVr requirement*,   ""«rtainl^ to the "Xtent of allc»-.-Ve erackinr.t 
should be the ?*ne as 4,,o-e now required in S^clfi"-V <n AXS-H70.     It 
is -.widat^ry t^r.t c.Te be er-rclsed t-> ineure t'\at L'nly tv,e «te^l- 
/ch"ted (co^nwr or*«'')  Projectiles be ured in conju;?  i ::    1th these 
belli-tic valves. 

Aekao'-lelement  i? l.preby ^al<? t*> Mis'; Bnrbar*    hcl^s,  w'o accurrulpted 
-rue1-   if tw» dnta cor.trin<~d i- thin re^rt. 

a.iUA 
1.   HUHIICH 
ASPOC.  N«tallur;lst 

yfGH(*xi /WO 

II.   A.   KA'-T-IS'S 
Ma.hr, Or.'.fM Dept. 
Chief. AmT Section 

\ / 
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■ Table X 

r 
Carne/rie-Illinois Steel Corporation - 

Helmet Circles ^f Various Gauges 

■ 

i 
Sample 

»9. 

Thickness 
Inches 

Ha/metic Ballistic Limit 
Rockvell B Traverse Cal. .U5 Ball 
Hardness  Inches      ?/S 

Microstructure 
Amount 0f 

Dpcarburlifttion 

103 .oUo 90.0 6.0 863 
Discontinuous 

to .OOOU" 

■ lOU .OU05 88.5 3.5 1013 Hone 
. 105 .0U0 90.0 3.0 957 None 

E 91 .0U1 88.5 5.5 937 Discontinuous 
to .OOOU" 

; 
92 .OUl "S.O U.5 9U6 • 

■ 100 .OUl 90.0 3.0 1036 Hone 

• 
7U .0U2 87.5 3.0 1010 None 

82 .0U2 87.0 5.0 993 Hone 

• «3 .0U2 87.5 5.0 960 None 

73 .OU3 87.0 3.0 979 None 

i 80 .0U3 88.0 u.o 1021 None . 

■ 53 .ouu 88.5 5.5 IOUU Hone • 

• 
< 57 .OUU 89.5 5.0 1006 None 

1 5« .ouu 88.5 3.5 999 
Discontinuous on 
one side to .0008" 

; 

*. U6 .0U55 88.0 U.o 970 Hone 

> Uq .0U5 87.5 5.5 1016 fone 

■ 
50 .0U5 88.5 M 9U0 Hone 

• * 
tf .0U6 89.0 3.0 9U3 Discontinuous n 

one side to ,000b" 

3» .0U65 87.5 u.o 1039 
■ 

i4." 35 .0U7 86.5 5.0 1009 Hone 

• 37 .0^7 8<?.5 3.5 1062 
Discontinuous on 
ene «i'e to .OOiU" 

1U .0U«5 90.0 5.0 1023 ''one 

17 .0U9 S9.5 5.0 1050 Discontinuous on 

▲11 sheets were tr*9 fron undlssolved carbides and shoved no rival 
austenitic structure. 

\ 
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Table II 

Sharon Si. »el Corporation 

Holraet Circles of Various Oawes 

Cal.   .45 Ball 
* 230 grain 

Sample Thickness Ma^n-tic Deflection Steel JnCiceted 
No. Inc>s 

.OUl 

Inches B.L. F/8 

JU1 3.0 898 
JU2 .01*05 u.o 908 
M .040 U.5 934 
B-l .0U15 M 9^8 
B-2 .0415 5.0 1009 
M ,04l M 101? 
C-l .OU25 3.5 997 
C-2 .0425 6.0 io4i 
C-3 .0U25 U.5 969 
DLl .0U3 U.O 1005 
D-2 .OU35 5.0 983 

M .OU35 5.0 1025 
K-l .0445 6.0 103c 
t-2 .0U5 3.0 1031 
M .0U5 2.5 10*>5 
r-l .046 U.O IOU3 
F-2 .okc 5.0 1050 
'-3 .046 3.0 1042 
0-1 .0U7 2.5 1072 
0.2 .0U7 5.5 1013 
0-3 .0U7 U.5 990 
H-l .0485 2.5 IO50 
H.2 .048 3.5 1077 
H-3 .0475 3.5 1031 
1-1 .04*5 2.0 1070 
L-2 .0485 2.0 U05 
1-3 .0485 2.0 1084 
J-l .0U9 1.0 1122 
J.2 .050 2.0 1113 

/ 
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